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Description 

Technical Field 

The invention relates to a microphone for a hearing 
aid having a modified high frequency response to elim- 
inate possible high-frequency oscillations when coupled 
to a hearing aid receiver. 

Background Prior Art 

A hearing aid typically comprises a microphone and 
a receiver The microphone receives sound and con- 
verts the received sound to an electrical signal. The re- 
ceiver takes the electrical signal, amplifies it, and con- 
verts the amplified electrical signal to sound. 

As a result of various factors, including the iner- 
tance of air within the microphone, conventional micro- 
phones have a response curve having a peak generally 
around 4.8 - 5.0 kHz. Similarly, conventional receivers 
also have a response curve having a similar peak. When 
one of these microphones is coupled to one of these 
receivers, the resulting closed loop gain can result in 
high frequency oscillations, due to sound leaking back 
from the receiver to the microphone. These oscillations 
are quite annoying and result in a relatively large per- 
centage of hearing aids being returned. 

It is know that by increasing the inheritance present- 
ed to sound entering the microphone, the frequency of 
the peak response of the microphone can be reduced 
to a frequency significantly lower than that of the receiv- 
er coupled thereto. While this would reduce the high fre- 
quency performance of the hearing aid, hearing aid 
manufacturers have indicated a willingness to accept 
this reduction as a tradeoff for reduced high-frequency 
oscillations. 

For example, the microphone disclosed in U.S - A- 
4,450,930, contains a frequency shaping structure 
which is applied to a conventional hearing aid using a 
sealed earmold. This allows the low frequency sounds 
to pass through the hearing aid with a restricted amount 
of amplification, while allowing for the amplification of 
the high frequency sounds. Because the earmold seals 
or nearly seals the ear. it increases the inertance pre- 
sented to sound entering the microphone. Thus, the 
hearing aid markedly reduces feedback problems. 

Tibbet Industries sells a Series 125 microphone 
comprising a generally cylindrical microphone housing 
having opposing ends and an inlet port disposed 
through one of the ends. Tibbet has recently introduced 
a microphone having an inlet tube extending radially 
from the end having the inlet port. It is believed that this 
tube was provided to prevent dirt or other foreign sub- 
stances from entering the microphone via the inlet port, 
and thereby damaging the diaphragm. However, the 
elongated tube also has the effect of increasing the in- 
tertance presented to the air as it travels to the dia- 
phragm, thereby lowering the frequency of the peak re- 



sponse of the microphone. However, this microphone 
construction has been found to be difficult to assemble 
within a hearing aid. 

Knowles Electronics, the assignee of this patent ap- 
s plication, has previously developed a microphone hav- 
ing selective inertance, which is disclosed in Madaffari, 
U.S. Patent No. 4.837,833. This microphone had a 
housing and a diaphragm extending substantially 
across the housing and defining an input chamber cou- 

^0 pled to an input tube and an output chamber. The dia- 
phragm had a notch cut through the diaphragm at the 
rear of the microphone, the notch forming a by-pass 
port. A C-shaped plate having a central recess was dis- 
posed in the input chamber between the diaphragm and 

IS the housing. The central recess was directed toward the 
input port. The C-shaped plate formed generally narrow 
channels leading back to the by-pass port. The narrow 
channels would generally pass low frequency sound to 
the back-side of the diaphragm, so that low frequency 

20 sound would not cause the diaphragm to vibrate. The 
narrow channels, on the other hand, would block inter- 
mediate and high frequency sound from passing 
through the by-pass port, so that such frequencies 
would cause the diaphragm to vibrate. This microphone 

2S resulted in a high frequency emphasis microphone 
which provided a steeply rising frequency response. 
However, this microphone would not reduce the fre- 
quency of the peak response of the microphone. 

The present invention is provided to solve these and 

30 other problems. 

Summary of the Invention 

It is an object of the invention to provide a micro- 
ns phone for a hearing aid having a modified high frequen- 
cy response to reduce or eliminate high frequency os- 
cillation when coupled to a receiver. 

In accordance with the invention, the microphone 
comprises a hollow housing defining a main chamber 
40 with an inlet tube extending outwardly from the housing 
for receiving sound. A diaphragm is disposed within the 
housing to entirely divide the main chamber into an input 
chamber in communicating relationship with the inlet 
tube and an outlet chamber. The input chamber 
45 presents an effective inertance to sound entering the 
front chamber via the inlet tube. Means are disposed 
within the input chamber for increasing the effective in- 
ertance of the input chamber. 

According to a first embodiment, the inertance in- 
50 creasing means comprises a generally C-shaped plate 
parallel to the diaphragm and having a central recess. 
The radial orientation, as well as the detailed size and 
shape, of the plate, and hence of the central recess, can 
be varied at the time of manufacture to vary the iner- 
55 tance. and thus the frequency response, of the micro- 
phone. 

According to a second embodiment, the inertance 
increasing means comprises an embossment inwardly 
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formed in the housing to provide a generally C-shaped 
structure parallel to the diaphragm and having a central 
recess. As with the first embodiment, the radial orienta- 
tion of the embossments, and hence of the central re- 
cess, can be varied at the time of manufacture to vary 
the inertance, and thus the frequency response, of the 
microphone. An added advantage of this design is that 
one can view the orientation of the embossments from 
the outside of the housing, thus indicating the orienta- 
tion, and thus the frequency response, of the micro- 
phone. 

Other features and advantages of the invention will 
be apparent from the following specification taken in 
conjunction with the following drawing. 

Brief Description of Drawings 

Figure 1 is an exploded view of a microphone in 
accordance with a first embodiment of the inven- 
tion; and 

Figure 2 is an exploded view of a microphone in 
accordance with a second embodiment of the in- 
vention. 

Detailed Description 

While this invention is susceptible of embodiments 
in many different forms, there is shown in the drawings 
and will herein be described in detail, preferred embod- 
iments of the invention with the understanding that the 
present disclosure is to be considered as exemplifica- 
tions of the principles of the invention and is not intended 
to limit the broad aspects of the invention to the embod- 
iments illustrated. 

A first embodiment of a microphone 1 0 for a hearing 
aid is illustrated in Figure 1. The microphone 10 has a 
modified high frequency response wherein the frequen- 
cy of the peak response of the microphone is reduced 
to a frequency lower than the frequency of the peak re- 
sponse of a conventional receiver to which the micro- 
phone 10 is ultimately connected. 

The microphone 10 comprises a generally hollow 
cup 1 2 having a base wall 1 4 and four side walls 1 8. The 
base and side walls 14. 18, respectively, define a main 
chamber 20. 

An inlet tube 22 extends outwardly from one of the 
side walls 18 for receiving sound and communicating 
the received sound into the main chamber 20. A dia- 
phragm, generally designated 24, comprises a conven- 
tional ring and film assembly is spaced from the base 
wall 14 and is placed in continuous peripheral contact 
with the side wall 18. The diaphragm entirely acousti- 
cally divides the main chamber into an input chamber 
26 which is in communicating relationship with the inlet 
tube 22, and an output chamber 28. The diaphragm 24 
includes a tiny vent opening, of the order of 0.0508 mm 
(0.002"), to equalize pressure between the input and 
output chambers 26, 28. 



As is well known, the inlet tube 22 and the input 
chamber 26 present an effective inertance to sound en- 
tering the microphone 1 0. A charged plate 30 is conven- 
tional ly disposed in contact with the diaphragm 24. The 
5 charged plate 30 is coupled to a circuit board 32 by a 
wire 34 extending through an opening in a plate 36. A 
cap 38 is secured to the cup 12 to form a microphone 
housing. As is well known, sound entering the input 
chamber 26 via the in!et tube 22 causes the diaphragm 

^0 24 to vibrate, which vibration is detected by the charged 
plate 30, developing an electrical signal which is trans- 
mitted to the circuit board 32 via the wire 34. The circuit 
board 32 contains electronic circuitry, not specifically 
shown, as is well known. 

^5 In accordance with the invention, a structure such 
as a C-shaped plate 40, is disposed within the input 
chamber 26 between, and in contact with, the dia- 
phragm 24 and the base wall 14. The C-shaped plate 
40 is secured to the base wall 14 by spot welding and 

20 abuts the diaphragm 24. 

The C-shaped plate 40 has parallel arms 42, 44 de- 
fining a recess 46. The C-shaped plate 40 has a width 
W of 2.5654 mm., ± 0.0254 (.101". ± .001), a length L 
of 2.3114 mm., ±0.0254 (.091". ± .001), and the recess 

25 46 has a width W of 1 .27 mm (0.05"). 

The recess 46, as well as channels formed between 
the parallel arms 42, 44, and adjacent ones of the side 
walls 18 form elongated sound paths through which re- 
ceived sound must pass. The elongated sound paths 

30 increase the effective inertance of the input chamber, 
thereby reducing the frequency of the peak of the re- 
sponse curve. By horizontally rotating the C-shaped 
plate, the effective inertance of the input chamber 26 
can be adjusted, thereby adjusting the frequency of the 

35 peak of the response curve as desired. For example, 
the C-shaped plate could be adjusted a full 90 degrees, 
or more. 

It has been found that the frequency of the peak of 
the microphone's response curve has been reduced 
40 from 5.5 kHz to 4.5 kHz by the addition of the C-shaped 
plate 40 with the recess 46 oriented towards the inlet 
tube 22. 

A second embodiment of the invention is shown in 
Figure 2. This embodiment is substantially the same as 

45 the first embodiment, except that the C-shaped plate 40 
has been replaced by an inwardly directed, C-shaped 
embossment 50. As with the first embodiment, the hor- 
izontal orientation of the embossment 50 can be adjust- 
ed, thereby adjusting the frequency of the peak of the 

50 response curve as desired. 

This embodiment has an economic advantage over 
the first embodiment through a reduced piece count. Ad- 
ditionally, the rotational orientation of the C-shaped em- 
bossment 50 will appear on the outer surface 14 as a 

55 C-shaped groove. Thus one can recognize the frequen- 
cy characteristic of a particular microphone by simple 
inspection of the outer surface 14a of the base wall 14. 
It will be understood that the invention may be em- 
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bodied in other specific forms without departing from the 
scope of the claims. For example, structures of shapes 
other than C-shaped can be substituted to provide an 
elongated sound path, such as U-shaped, W-shaped, 
E-shaped. M-shaped. N-shaped. T-shaped, or the like. 
The present examples and embodiments, therefore, are 
to be considered in all respects as illustrative and not 
restrictive, and the invention is not to be limited to the 
details given herein. 



Claims 

1. A microphone (10) for a hearing aid having a mod- 
ified high f requency response, the microphone (10) 
comprising: 

a hollow housing (12) defining a main chamber 
(20); 

an inlet tube (22) extending outwardly from said 
housing (12) for receiving sound; 
a diaphragm (24) disposed to entirely acousti- 
cally divide said main chamber (20) into an in- 
put chamber (26) in communicating relation- 
ship with said inlet tube (22) and an output 
chamber (28). said input chamber (26) present- 
ing an effective inertance to sound entering via 
the inlet tube (22); and 

means disposed within said input chamber (26) 
for increasing said effective inertance of said in- 
put chamber (26). 

2. The microphone (10) of Claim 1. wherein said iner- 
tance increasing means comprises a structure pro- 
viding an elongated sound path. 

3. The microphone (10) of Claim 2, wherein said struc- 
ture is disposed generally parallel to said dia- 
phragm (24). 

4. The microphone (10) of Claim 2 or Claim 3, wherein 
said structure comprises a generally C-shaped 
plate (40) having a central recess (46). 

5. The microphone (10) of Claim 4, wherein said cen- 
tral recess (46) is directed generally towards said 
inlet tube (22). 

6. The microphone (10) of Claim 4, wherein said cen- 
tral recess (46) is directed generally 90 degrees 
from said inlet port. 

7. The microphone (10) of any one of Claims 2 to 6, 
wherein said structure comprises an embossment 
(50) formed in said housing (12). 

8. The microphone of any one of Claims 2 to 7, where- 
in said structure forms a plurality of sound paths. 



9. A hearing aid comprising the microphone (10) of 
any one of the preceding Claims, in combination 
with a receiver, the receiver having a peak response 
at a frequency substantially greater than the fre- 
s quency of peak response of said microphone (10). 



PatentansprCiche 

10 1. Mikrofon (10) fur ein Horgerat mit einem verander- 
ten Hochfrequenzgang, wobei das Mikrofon (10) 
folgendes aufweist: 

ein hohles Gehause (12), das eine Hauptkam- 
^5 mer (20) begrenzt; 

ein EinlaRrohr (22), das sich von dem Gehause 
(12) nach auBen erstreckt, um Schall zu emp- 
fangen; 

20 

eine Membran (24), die so angeordnet ist, da3 
sie die gesamte Hauptkammer (20) akustisch 
trennt, in eine EinlaBkammer (26), die mit dem 
EinlaBrohr (22) kommunizierend in Verbindung 
^5 steht, und eine AuslaBkammer (28), wobei die 

EinlaBkammer (26) eine effektive Tragheit ge- 
genuber Schall aufweist, der uber das 
EinlaBrohr (22) eintritt und 

30 - Mittel, die in der EinlaBkammer (26) angeord- 
net sind, um die effektive Tragheit der 
EinlaBkammer (26) zu erhohen. 

2. Mikrofon (10) nach Anspruch 1, dadurch gekenn- 
35 zeichnet, daB die Mittel zur Erhohung der Tragheit 

eine Konstruktion mit einem verlangerten Schall- 
weg aufweisen. 

3. Mikrofon (10) nach Anspruch 2, dadurch gekenn- 
40 zeichnet, daB die Konstruktion in etwa parallel zu 

der Membran (24) angeordnet ist. 

4. Mikrofon (10) nach Anspruch 2 oder 3, dadurch ge- 
kennzeichnet, daB die Konstruktion eine in etwa U- 

^5 formige Platte (40) mit einer zentralen Aussparung 
(46) aufweist. 

5. Mikrofon (10) nach Anspruch 4, dadurch gekenn- 
zeichnet, daB die zentrale Aussparung (46) in etwa 

50 auf das EinlaBrohr (22) ausgerichtet ist. 

6. Mikrofon (10) nach Anspruch 4, dadurch gekenn- 
zeichnet, daB die zentrale Aussparung (46) in etwa 
in einem 90**-Winket zu dem EinlaBrohr (22) ausge- 

55 richtet ist. 

7. Mikrofon (10) nach einem der Anspruche 2 bis 6, 
dadurch gekennzeichnet, daB die Konstruktion eine 
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\ Erhebung (50) autweist, die in dem Gehause (12) 

I ausgebildet ist. 



lement ^ 90 degr6s par rapport audit orifice d'en- 
tr§e. 



8. Mikrofon (10) nach einem der Anspruche 2 bis 7, 
dadurch gekennzeichnet, dafB die Konstruktion eine 
Vielzahl von Schallwegen bildet. 



7. Microphone (10) selon Tune quelconque des reven- 
dications 2^6, dans lequel ladite structure com- 
prend un relief (50) forme dans ledit boilier (12). 



9. Horgerat mit dem Mikrofon (10) nach einem der vor- 
angegangenen Anspruche in Konnbination mit ei- 
nem Empfanger, wobei der Empfanger ein Fre- 
quenzgangmaximum bei einer Frequenz hat, die 
wesentlich hoher als die Frequenz des Frequenz- 
gangmaximums des Mikrofons (10) ist. 

Revendications 

1 . Microphone (10) de prothese auditive a reponse en 
haute frequence modifiee. le microphone (10) 
comprenant : 

un boTtier creux (12) definissant une chambre 
principale (20) ; 

un tube d'entree (22) s'etendant vers I'exterieur 
a partir dudit boitier (12) pour recevoir des 
sons ; 

un diaphragme (24) dispose pour diviser entife- 
rement acoustiquement ladite chambre princi- 
pale (20) en une chambre d'entree (26) en re- 
lation de communication avec ledit tube d'en- 
tree (22) et une chambre de sortie (28), ladite 
chambre d'entree (26) presentant une inertan- 
ce effective par rapport aux sons penetrant par 
le tube d'entree (22) ; et 

un moyen dispose a I'interieur de ladite cham- 
bre d'entree (26), pour accroitre ladite inertan- 
ce effective de ladite chambre d'entree (26). 

2. Microphone (10) selon la revendication 1, dans le- 
quel ledit moyen d'accroissement de I'inertance 
comprend une structure fournissant une trajectoire 
sonore allongee. 



8. Microphone selon I'une quelconque des revendica- 
tions 2^7, dans lequel ladite structure forme une 

^0 pluralite de trajectotres sonores. 

9. Prothese auditive comprenant le microphone (10) 
tel que defini ^ I'une quelconque des revendications 
pr6cedentes, en combinaison avec un recepteur, le 

?5 recepteur ayant une reponse de crete ^ une fre- 
quence sensiblement superieure a la frequence de 
la reponse de crete dudit microphone (10). 

20 
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3. Microphone (10) selon la revendication 2, dans le- 
quel ladite structure est dispos6e g6n6ralement pa- 45 
rallelement audit diaphragme (24). 

4. Microphone (10) selon la revendication 2 ou la re- 
vendication 3, dans lequel ladite structure com- 
prend une plaque (40) en forme g§n6rale de C, so 
ayant une cavit§ centrale (46). 

5. Microphone (10) selon la revendication 4, dans le- 
quel ladite cavit6 centrale (46) est orient^e g6n6ra- 
lement vers ledit tube d'entree (22). ss 

6. Microphone (10) selon la revendication 4, dans le- 
quel ladite cavite centrale (46) est orient§e g6n6ra- 
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